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This paper analyzes the impact of large-scale expansion of biofuels on the global income distribution and poverty. A global computable general equilibrium model is used to simulate the effects of the expansion of biofuels on resource allocation, commodity prices, factor prices and household income. A second model based on worldwide household surveys uses these results to calculate the impacts on poverty and global income inequality. The study finds that the large-scale expansion of biofuels leads to an increase in production and prices of agricultural This paper is a product of the Environment and Energy Team, Development Research Group. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at gtimilsina@worldbank.org.
commodities. The increased prices would cause higher food prices, especially in developing countries. Moreover, wages of unskilled rural labor would also increase, which slows down the rural to urban migration in many developing countries. The study also shows that the effects on poverty vary across regions; it increases in South Asia and Sub-Saharan Africa, whereas it decreases in Latin America. At the global level, the expansion of biofuels increases poverty slightly.
Introduction
Increased oil price volatility and concerns about climate change and long-term energy supply have led several countries to set targets for promoting biofuels (Boeters et al, 2008) . This resulted in rapid growth of biofuel production over the last several years. However, the growth of biofuels had some unintended consequences. Food prices went up to a record high level and culminated in the global food crises in early 2008. Although there are several factors driving food prices up, the growth of biofuels has played a role (IFPRI, 2008; FAO 2008; Ivanic and Martin, 2008; and Keyzer et al, 2008; Hochman et al. 2011) . Increased agricultural prices are favorable to rural households whose economic base is farming; but they hurt the urban poor because higher agricultural prices lead to higher food prices. At the aggregate level higher agricultural prices benefit countries that are net exporters of agricultural commodities, while the reverse effects are expected for countries which are net food importers.
While there are a number of studies that analyze the aggregate economic effects of biofuels (IFPRI, 2008; FAO, 2008; Ivanic and Martin, 2008; and Mitchell, 2008; Al-Riffai et al. 2010; Timilsina et al. 2012) there are few studies that look into the income distribution and poverty effects of biofuels at the global level. De Hoyos and Medvedev (2009) , examine the poverty effects of increased biofuel production using global CGE model. However, their model neither has a land-use module nor an explicit representation of biofuels sectors. Runge and Senaur (2007) also examine impacts of biofuels promoting policies on food prices and poverty and find that policies to promote ethanol have adverse impact on food prices and therefore on poverty especially in developing countries. On the other hand, some existing studies report the 3 opposite results. For example, using a CGE for Mozambique, Arndt et al. (2008) find that biofuels would have favorable effects on growth and income distribution. They show that the welfare and distributional effects of higher production of sugar cane to feed into ethanol industries are positive; the benefits would be larger if the expansion sugarcane is materialized through smallholders than through large plantations as the former employs more unskilled labor, provides higher rents to their land and also provide higher wage. Similarly, applying a CGE model, Arndt et al. (2011) show that cultivation of jatropha feedstock reduces poverty and increases GDP in Mozambique. A similar finding is reported by Hertel (2009) where developing countries with significant agricultural self-employed poverty population benefit from higher factor returns following increased production of biofuels. However, the positive impacts of biofuels on poverty reduction depend on how biofuel policies are designed. For example, HabibMintz (2010) finds that jatropha-based biofuel development in Tanzania would not help reduce poverty and food insecurity unless strong regulatory frameworks for land, investment management, and rural development are in place.
This paper aims to analyze the effects of large-scale expansion of biofuels on the global income distribution, and poverty. The model used in our study explicitly represents both biofuels and land-use changes, which are critical to fully assess overall impacts of biofuels. Our global computable general equilibrium (CGE) model includes four types of biofuels: sugar ethanol, corn ethanol, grains ethanol and biodiesel. The land use module we developed uses a multi-level constant elasticity of transformation (CET) nest of various uses of land: forestry, pasture, agricultural crops (disaggregated further to grains, oilseeds, sugar, rice, wheat and other crops).
With these developments, we are able to capture the fuel vs. food demand for agricultural commodities, land reallocation, and land rent. To assess the distributional and poverty impacts, we feed the CGE results to a Global Income Distribution Dynamics (GIDD) model, a model that is based on detailed household surveys, regularly carried out by the World Bank. We find that large-scale expansion of biofuels would improve wages for unskilled labor and land rent.
However, it would also increase food prices, especially in low-income countries where food share in overall household expenditure is higher. The effects on poverty are negative (i.e., increase in poverty) in some countries, while positive in others. Globally, these differences balanced out to a slight increase in poverty.
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The paper is organized as follows. The second section presents the analytical framework followed by the key data used for the study. Section Four presents definitions of the scenarios examined in the paper followed by discussion of the simulation results in Section Five. Finally, we present key conclusions of the study.
The Analytical Framework
As mentioned earlier, the study first uses a multi-sector, multi-country, recursive dynamic computable general equilibrium model to measure the impacts of large-scale expansion of biofuels. The results of the CGE model are then fed into a global income distribution dynamics (GIDD) model to capture impacts on income distribution and poverty.
The Global CGE Model
The global CGE model developed for this study is different from existing CGE models in two aspects. First, it explicitly represents biofuel sector (ethanol and biodiesel) and secondly it represents land-use sector bringing land as a factor of production in the agriculture sector and also represents farmer (household) behavior for land allocations for various products. We present a very brief description of the model here. Detailed description of the model is available in Timilsina et al. (2010) .
The model represents the behavior of the production sector using nested CES functions. investment is savings driven; and (e) current account is exogenous, thus foreign savings is fixed.
Changes in foreign trade are balanced through changes in the real exchange rate.
There are three factors that drive the dynamics of the model: (a) exogenous growth in population and labor (based on the population projections of the United Nations); (b) capital accumulation (based on capital stock at previous period, investment in the current period and capital depreciation); (c) factor productivity/efficiency parameters which are spread almost throughout the model.
The GIDD Model
The second model is the Global Income Distribution Dynamics, or the GIDD model , which utilizes the results of the CGE to simulate the effects on global income distribution and poverty. The GIDD model uses household survey data of 116 countries, which represent about 90 percent of the world population. The GIDD model projects household survey data using three sets of ex-ante macroeconomic information: (a) changes in demographic composition which consist of projection of population by age and by educational attainment; (b) movement of labor between agriculture and non-agriculture; and (c) economic growth. Figure 1 illustrates how the GIDD model incorporates these three changes to adjust the data in the household surveys in the base year to some year in the future. These conditions can be written in matrix form as follows
The solution is
The matrix that needed to be inverted has a dimension of (m•n). This reduces the dimension of the problem. Once the values for Λ are known, the first order conditions in equation 5 can be used to obtain a solution for the A matrix.
The above recalibration process changes the educational endowments of the population in some year in the future, which also changes the labor supply by age and skill groups in the CGE model in Box 4. The CGE incorporates expansion of biofuels policy shocks and simulates the effects into the future on key economic variables such as real per capita GDP and per capita consumption, consumer price index of agriculture and non-agriculture commodities, labor movement between rural and urban and between agriculture and non-agriculture sectors, and changes in wages of various types of labor. These simulated economic effects are used in the GIDD model in Box 5 together with the new set of recalibrated weights in Box 3. The GIDD model uses all this information to calculate the income distribution and poverty effects of largescale expansion in biofuels in some year in the future.
In projecting the data in the household survey into the future using the simulated results of key economic variables from the CGE and the recalibrated new sampling weights, two other processes are undertaken in the GIDD model. Detailed discussion of the processes is also given in .
The first process involves a movement of labor from the shrinking sector to the expanding sector. Workers that will be moved based on individual characteristics that are inputted into a probit function. For example, the probability of observing individual j working in non-agriculture (NA) is
where X j , and Z j are vectors of personal and household characteristics of individual j, respectively. The vector of coefficients in equation 11 is β p . Given this set of coefficients and the personal and households characteristics, workers are then ordered based on probability score calculated using equation 10. Workers with higher probability to be in non-agriculture are moved out of agriculture up to a point where the predicted share of workers by sector (a macro constraint) is satisfied.
Once the labor movement takes place, the second process involves adjusting income of those who have moved. This income assignment to the "new entrants" in the expanding sector is done through a Mincer equation in agriculture (A) and non-agriculture (NA). (Ackah, et al, 2008) .
Definition of Scenarios
We developed three scenarios and analyzed over the period 2009-2020.The first scenario is the Business as Usual (BaU) scenario. This is the baseline scenario which incorporates a number of assumptions. The first set of assumptions is on the world prices of three sources of energy (coal, oil, and natural gas) which are exogenous variables in the model, whose values were derived from the projections calculated outside the model. Table 1 The second set of assumptions under the BaU scenario is the growth rates of gross domestic product (GDP) of the different countries and regions in the model. The GDP growth rates were based on the growth projections made by the World Bank. In Table 2 one can observe that China has the highest annual growth in real GDP followed by India. Developing countries have relatively higher real GDP growth than developed countries. The third set of assumptions under the BaU scenario is on the population in each of the countries and regions in the model also shown in Table 2 . Growth rates of population were based on the population growth projection of the United Nations. One can observe that developed countries have generally declining population growth rates.
The fourth set of assumptions under the BaU scenario is that existing biofuel policies (e.g. already implemented mandates, subsidies and import duties) will continue throughout the study horizon (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) . Biofuel penetration in the BAU scenario, which is defined as the share of biofuels in the total liquid fuel consumption in the road transportation is presented in Table 3 .
The second scenario is the announced biofuel targets (AT) scenario. This scenario considers the implementation of biofuel use targets consistent with what countries already have announced. Table 3 shows shares of biofuels under the AT scenario in 2020. There are notable increases in the biofuel penetration as compared to that in the BAU case for India, Thailand, France, Germany, Italy, Spain, United Kingdom, and in the rest of European Union. On the other hand, biofuel penetrations for Brazil, United States and Malaysia are not much different from that in the BaU scenario as existing policies and incentives, if continued will be sufficient to meet the AT scenario. 
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The third scenario is the enhanced biofuel targets (ET) scenario. This scenario generally considers a doubling of the announced targets, keeping the timing of the implementation of the targets unchanged. In India, however, we retain the AT target level because it is already very high in 2020 (see Table 3 ).
Simulation Results

Selected CGE Results
The effects of expansion of biofuels on world prices of feedstock are presented in Figure   2 . Under the AT scenario where biofuels targets announced by various countries are assumed to be fully implemented by 2020, the price of sugar, the main biofuel feedstock globally, exhibits the highest increase, more than 7 percent from the BaU scenario. If the targets were doubled (i.e., ET scenario) the increase in sugar price from the BaU scenario would be around 10 percent in 2020. In contrast, the increase in prices of other commodities would be less than 2 percent under AT scenario and less than 4 percent under ET scenario. 
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The differences in the effects on food CPI across regions/countries are due to the variations in the share of food expenditure in total household income. 
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The effects on real per capita GDP vary considerably across countries and regions as Figure 5 shows. While Thailand shows relatively higher increase in food prices in Figure 4 , it is partly compensated by the positive increase in real per capita GDP in both scenarios. Similar pattern is observed in Indonesia. But this is not the case in Sub-Saharan Africa where poverty incidence is the highest, in Middle East and North African, and in Russia. In these regions, food prices increase while real per capita GDP declines. The decline in real capital GDP is due to the decline in output of mining and service sectors. In India, the decline in real per capita GDP is due to the high increase in food prices. 
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An expansion in biofuels leads to larger demand for feedstock thereby resulting in higher demand for factors used in feedstock production. Prices of these factors are expected to increase.
In the CGE model, there are four types of labor: skilled urban labor, skilled rural labor, unskilled urban labor, and unskilled rural labor. In discussing the results on factor prices, wages of various labor skills are expressed as ratios relative to the wage of unskilled rural labor and are compared to the baseline.
The effects on the wage ratios of the various labor types in AT are presented in Figure 6 . In developing countries, the relatively higher wage for unskilled rural labor reduces the migration out of agriculture. There are no movements of unskilled labor in developed countries, but there are notable shifts in developing countries as shown in Figure 8a and b. In both scenarios there is a decline in unskilled urban labor relative to the baseline and a corresponding increase in unskilled rural labor in developing countries with expansion in biofuels. This is in The expansion of biofuels does not only increase the demand for feedstock, but also it increases the returns to land. Table 4 shows the comparison between household labor income (skilled and unskilled) and land income that also occurs to land owning or agriculture or rural households. In some countries and regions, household labor income declines because not all wages increase -we have observed higher wages on unskilled rural labor relative to wages of all skills. But in all countries and regions, land income has increased. The highest increase in household land income is observed in European countries because these are the countries having relatively higher targets (i.e., 10%) for biofuels. The increase is substantial under the ET scenario because biofuels targets are doubled under this scenario. Developing countries also see higher household land income. The interaction between biofuels and land use is critical in the analysis because without taking these interactions into the analysis, the poverty and income distribution effects of biofuels may be overestimated. Relatively higher wages and demand for unskilled rural labor because of increased biofuel production have favorable effects on agriculture and rural households in developing countries. Higher land income also favorably affects them, although the impact is higher for richer farmers than for poorer farmers with less farm holdings. But food consumer prices increase as biofuel production and food production compete for feedstock. The increase in food prices is higher in developing countries than in developed countries. The next section will 26 discuss how these effects will net out and affect on poverty and income distribution in developing countries.
Effects on Global Poverty and Income Distribution
The CGE results on key economic variables were incorporated into the GIDD model to simulate the distributional and poverty effects of expansion in biofuels. In the poverty analysis, two poverty threshold levels were applied: $1.25 per day and $2.50 per day. In Table 5 , we present the GINI coefficient, the poverty headcount, and the poverty incidence of major regions in BaU in 2005 and 2020. also declines from 0.7017 in 2005 to 0.6547 in 2020, indicating declining income inequality. The GINI coefficients are also significantly different across regions. The poverty effects of expansion biofuels at the regional level are presented in Figure 9 for the $1.25 per day poverty threshold. The poverty effects of higher biofuel demand using the $2.50 PPP per day poverty line is presented in Figure 10 . Relative to the lower poverty line, there is a substantial increase in the -1,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 in East Europea and Central Asia. In the Middle East, the poverty effects mainly come from
Yemen. There is reduction in poverty using the $1.25 per day threshold but there is higher poverty using the $2.50 per day poverty line.
Conclusions
More than 40 countries around the world have set targets for further promotion of biofuels. However, given the present commercially deployed technologies, which compete heavily for raw materials used in food production, a large-scale expansion of biofuels would put pressure on food supply and prices which would, in turn, have implications on poverty and global income distribution.
Using a global computable general equilibrium model and a global income distribution dynamics model, this study analyzes the distributional and poverty effects of large-scale expansion in biofuels. The results from the computable general equilibrium model indicate that relatively large-scale expansion of biofuels leads to a bit higher world prices of feedstock (e.g., sugar, corn, oilseeds, wheat, and other grains) which translates to higher food prices. The jump in food prices is higher in developing countries than in developed countries. The impact on real per capita GDP of the large-scale biofuel expansion varies across the countries/regions. It is found to increase in countries where biofuel industry has already advanced, such as Thailand, Brazil, Argentina, and Indonesia. On the other hand, per capita GDP declines in countries which have ambitious targets for the near future but current level of production is very small. Countries such as, India, Sub-Saharan Africa, Middle East and North African regions, Russia, and China would bear the highest losses in their per capita GDP.
The large-scale expansion of biofuels leads to a bit higher wages of unskilled rural labor relative to wages of the other labor types, skilled urban, skilled rural, and unskilled urban in both developed and developing countries. The magnitude is, however, bigger in the latter. The positive wage effects on unskilled rural labor reduce migration out of agriculture. This is because production of feedstock in developing countries is relatively intensive in the use of unskilled rural labor. Furthermore, production of biofuels causes an increase in household land income in rural areas.
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This study also finds that large-scale expansion of biofuels leads to a slight increase in the number of poor people if the poverty line used is $1.25 PPP per day. The increase largely comes from South Asia (India) and Sub-Saharan Africa. A large number of countries in SubSaharan Africa would realize an increase in poverty due to the large-scale expansion of biofuels.
If the poverty line is drawn at $2.50 PPP per day, the number of people below the poverty line would increase significantly. The GINI coefficient in Sub-Saharan Africa and Latin America would drop, whereas it would increase in the rest of the regions. At the global level, the GINI coefficient would drop, although the magnitude is small.
While the effects of higher biofuel mandates on rural unskilled workers are positive in terms of higher relative wages and labor movement from urban to rural, the increase in food prices especially in developing countries is a major concern. Thus, since the increase in food prices is largely due to dependence of the current biofuel technology on food crops as raw materials in biofuel production, from the perspective of global poverty the development of a biofuel technology that uses less food crops is critical. 
